Background: Minimally invasive procedures provide effective, safe, relatively long-
Appropriate patient selection and combination of different procedures allow individualized treatment with optimal outcomes. Multiple sessions of combined minimally invasive modalities, along with the use of future home devices, would fill the gap between ablative and nonablative approaches in maintaining the clinical and the histological improvement. 3 Combined minimally invasive procedures are used in management of many cosmetic skin problems such as the treatment of postacne scars, skin laxity, hyperkinetic facial wrinkles, and hyperpigmentation disorders. 5 Acne is prevalent in over 90% of adolescents, and it may persists into adulthood in approximately 12%-14% of cases with psychological and social impacts. [6] [7] [8] In some patients with acne, the inflammatory response results in permanent, disfiguring scars from either increased tissue formation or due to loss or damage of tissue. 9 There are many types of treatment for postacne scars including medical, surgical, procedural management, tissue augmentation, and various ablative and nonablative lasers and light energies. 10 Of these multiple options, treatment has to be tailored to patient's needs, tolerance, and goals along with the physician's assessment, skills, and expectation. Patient should be informed that the ultimate goal of any intervention is to improve the scars, and no currently available treatment will attain total cure or perfection. 4 As the demand for less invasive, highly effective cosmetic procedures is growing, a combination of treatment for acne scars has
shown good results with no high failure rates or loss of days at work. There is a high level of patient satisfaction, minimal downtime, and the treatment is cost-effective to the patient. 4, 11 This study aims to evaluate and compare clinically, histometrically, and histochemically the use and effectiveness of some of the combined minimally invasive procedures, using microneedling in conjunction with TCA peeling or platelet rich plasma for the management of postacne atrophic scars.
| PATIENTS AND METHODS
This study was conducted on 24 volunteers from attendants of the the plasma-containing platelets at the rest of the tube. The plasma had been gently transferred to an empty tube and centrifuged again at a higher spin at 1792 g for 5 minutes (2nd spin) to precipitate the platelets at the bottom of the tube. After the 2nd spin, sample had been divided into 2 parts; the PRP (the lower one-third) and the platelet-poor plasma (PPP, the remaining upper portion). Calcium gluconate (activator material) had been added to PRP in a ratio of 1:9.
Then PRP was ready to be used immediately after activation, as once PRP had been activated, a fibrin network begins to form, solidifying the plasma and causing clot formation. satisfaction based on a 5-point scale (none = 0%, mild = 1%-25%, moderate = 26%-50%, good = 51%-75%, and very good = 76%-100%). 14, 16 The results were tabulated and compared to baseline for statistical significance with the Pearson chi-squared test (Table 1 ).
| Histopathological assessment
Skin biopsies (3 mm punch) had been taken from postacne atrophic scars from both sides of the face before and after 3 months of treatment (2 weeks after last session).
Skin biopsies were subjected to:
• Histologic processing: Skin biopsies were fixed in formalin 10%, embedded in paraffin, sectioned into 5-lm-thick sections, and then stained with hematoxylin and eosin (H&E) to be examined under light microscope (Accu-Scope #3025 Five Headed [A
3025-5]-OLYMPUS)
, with a built-in camera (Olympus, digital camera E-330 SLR, Japan), that had been used to examine and photograph the sectioned skin biopsies.
• • Special histochemical stains: Orcein stain was used for demonstration of elastic fibers 17 and Masson trichrome stain for collagen. 18 
| Statistical evaluation
The collected data had been analyzed and figured using a com- Figure 1A ).
All volunteers of group (A) showed improvement in skin texture, and 3 volunteers (37.5%) showed improvement in pigmentation on both sides.
Apart from slight erythema which was observed on both sides of the face, no other side effects have been encountered. However, erythema resolved after 1-2 days after the session. Figure 1C ).
Improvement in skin texture was observed in most volunteers, and 2 volunteers (25%) showed improvement of pigmentation on both sides. Slight pigmentation on the Lt side of the face was observed in 1 volunteer (12.5%) with skin type IV, which resolved within 2 weeks and slight edema and erythema on both sides that resolved completely after 1 to 2 days. The independent observers and dermatologists' evaluation were comparable to the volunteers' assessment rates.
| Histological and histometrical results
The epidermis became acanthotic after all types of treatment (dermaroller only or combined with PRP or TCA 15%). The keratinocytes became well organized, and the malpighian layer thickness had increased with development of rete ridges.
The dermis showed increased deposition of collagen fibers. Interfibrillary spaces decreased with linear orientation of fibers that became more parallel to the epidermis.
| Histometrical evaluation of epidermal thickness
The epidermis showed improvement in all studied groups as follows:
| Group (A)
There was a highly significant increase in the mean thickness of the epidermis from 44.03 AE 1.92 lm before treatment to 54.91 AE 1.08 lm after 3 months of treatment (P < .001) on Rt side. Meanwhile, there was a significant increase in the mean thickness of the epidermis from 42.05 AE 1.72 lm before treatment to 50.93 AE 4.692 lm after treatment (P = .002) on Lt side. The Rt side (combined treatment) showed a more significant increase in epidermal thickness when compared to the Lt side (P = .032) ( Table 2 , Figure 2A ).
| Group (B)
There was significant increase in the mean thickness of the epidermis from 44.12 AE 7.34 lm before treatment to 50.04 AE 8.87 lm after 3 months of treatment (P = .003) on Rt side. On the other hand, on the Lt side, there was a highly significant increase in the mean thickness of the epidermis from 45.03 AE 7.04 lm before treatment to 64.94 AE 6.83 lm after 3 months of treatment (P < .001). The Lt side (combined treatment) showed a more significant increase in epidermal thickness when compared to the Rt side (P = .002) (Table 2, Figure 2B ).
| Group (C)
There was significant increase in the mean thickness of the epidermis from 44.71 AE 6.27 lm before treatment with dermaroller and PRP to 65.81 AE 11.54 lm after 3 months of treatment (P = .02) on Rt side. Dermaroller and TCA 15% on Lt side showed significant increase in the mean thickness of the epidermis from 43.61 AE 6.17 lm before treatment to 67.37 AE 18.63 lm after treatment (P = .014). The increased mean epidermal thickness on the Lt side was slightly more than the Rt side, however, with no significant value (P = .843) ( Table 2 , Figure 2C ).
| Histochemical Evaluation of Dermal Structures

| Collagen fibers
Before treatment, disorganized collagen bundles appear in both sides of the face, but after 3 months of treatment, by combined dermaroller and PRP or TCA 15% or dermaroller alone, increase in 
| Elastic fibers
In the 3 studied groups, dermal elastic fibers showed increased abnormal elastotic fibers in close contact with epidermis in both sides of the face. After treatment, newly formed well-organized elastic fibers were apparent, while old dense abnormal elastotic material decreased and moved downwards in reticular dermis by evident neocollagen formation ( Figure 4A -C).
| DISCUSSION
Combination therapy means application of 2 or more different techniques with potentially optimizing outcomes and improving tolerability. 19 Minimally invasive procedures are used for skin rejuvenation, tightening, and scar remodeling. They enhance dermal extracellular matrix proteins (ECM) without ablation of the epidermis, therefore, limiting side effects and minimizing downtime. 3 The goal of most minimally invasive procedures is to initiate selective dermal injury that results in wound-healing response while the epidermis remains intact. 1 They include chemical peels, microdermabrasion, mesotherapy, microneedling, PRP, nonablative lasers, selective photothermolysis, and dermal fillers. 2 Microneedling is a simple and effective method for atrophic acne scar treatment, with minimal disruption of the epidermis, thus limiting adverse effects and minimizing downtime. 14, 16 The recurring cost of the device is very affordable, as it is a mechanical hand-held device made of plastic and stainless steel. It is safe in dark skin (skin types III-V) with acne scars. proposed that PRP contains autologous growth factors, which could enhance the wound-healing response and showed that the combined use of skin needling and PRP is more effective in improving acne scars than skin needling alone.
Trichloroacetic acid peeling causes coagulative necrosis to the epidermal proteins. It is a very versatile peeling, with excellent rejuvenation results and improvement of scars. 23 In the present study, we used superficial TCA peeling (TCA 15%). 24 When it is combined with microneedling, it causes improvement in skin texture as well as collagen induction. 4 T A B L E 2 Changes in mean epidermal thickness before and after treatment in the 3 studied groups . This goes with our results, denoting that glycolic acid 35% peels gave close results to TCA 15%.
Meanwhile, there was a significant increase in score of improvement of the sides treated with combined dermaroller and PRP when compared with dermaroller alone (P = .015). However, comparing both combined treatment in split-face of volunteers of group (C)
showed nonsignificant difference (P = .96).
Mild erythema and edema were the main side effects encountered that resolved completely after 1-2 days. Meanwhile, slight temporary pigmentation was observed on the side treated with F I G U R E 3 Histochemical evaluation of collagen fibers: before treatment showing disorganized collagen bundles in both sides of the face, but after 3 mo of treatment, collagen bundles appear more dense with darker stain, improved organization, and become more parallel to epidermis on both sides in the 3 studied groups A, B, and C. Note increased density of collagen bundles on the combined treatment side than that receiving single treatment (Masson trichrome, original magnification 9 400)
When comparing both combined procedures in the split-face of volunteers, a nonsignificant increase in epidermal thickness after combined dermaroller and TCA 15% was observed (P = .820). Our histometric results objectively confirmed different studies that used H&E staining to subjectively evaluate the effect of dermaroller on postacne atrophic scars. [25] [26] [27] El-Domyati et al 14 
